Abstract.-The possibility that two data sets may have different underlying phylogenetic histories (such as gene trees that deviate from species trees) has become an important argument against combining data in phylogenetic analysis. However, two data sets sampled for a large number of taxa may differ in only part of their histories. This is a realistic scenario and one in which the relative advantages of combined, separate, and consensus analysis become much less clear. I propose a simple methodology for dealing with this situation that involves (1) partitioning the available data to maximize detection of different histories, (2) performing separate analyses of the data sets, and (3) combining the data but considering questionable or unresolved those parts of the combined tree that are strongly contested in the separate analyses (and which therefore may have different histories) until a majority of unlinked data sets support one resolution over another. In support of this methodology, computer simulations suggest that (1) the accuracy of combined analysis for recovering the true species phylogeny may exceed that of either of two separately analyzed data sets under some conditions, particularly when the mismatch between phylogenetic histories is small and the estimates of the underlying histories are imperfect (few characters, high homoplasy, or both) and (2) combined analysis provides a poor estimate of the species tree in areas of the phylogenies with different histories but gives an improved estimate in regions that share the same history. Thus, when there is a localized mismatch between the histories of two data sets, the separate, consensus, and combined analyses may all give unsatisfactory results in certain parts of the phylogeny. Similarly, approaches that allow data combination only after a global test of heterogeneity will suffer from the potential failings of either separate or combined analysis, depending on the outcome of the test. Excision of con icting taxa is also problematic, in that doing so may obfuscate the position of con icting taxa within a larger tree, even when their placement is congruent between data sets. Application of the proposed methodology to molecular and morphological data sets for Sceloporus lizards is discussed.
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A major debate in phylogenetics is whether or not different data sets should be analyzed only separately or should be combined (see reviews by de Queiroz et al., 1995; Miyamoto and Fitch, 1995; . An important contribution to this debate has been the idea that different data sets may actually have different underlying phylogenetic topologies (e.g., Doyle, 1992; de Queiroz, 1993; Bull et al., 1993) . Differences in phylogenetic histories may be the result of a deviation of the gene tree from the species tree for one or more sets of molecular data, which may be caused by paralogy, lineage sorting of ancestral polymorphisms, or lateral transfer of genes (or parts of genes) between species (Doyle, 1992; Bull et al., 1993; de Queiroz, 1993) .
The possibility that data sets may have different phylogenetic histories has been considered a strong argument against combining such data sets in phylogenetic analysis (e.g., Bull et al., 1993; de Queiroz, 1993) . Bull et al. (1993:387) went so far as to say that "no rational systematistwould suggest combining genes with different histories to produce a single reconstruction." Other authors have cited a common phylogenetic history among data sets as an important assumption of combined analysis (de Queiroz, 1993; de Queiroz et al., 1995; Hillis, 1995; Miyamoto and Fitch, 1995) .
Under simpli ed conditions, it is easy to imagine the dangers of combining data from genes (data sets) with different histories. Given a four-taxon tree and data from two genes for which one gene tree is congruent with the species tree and the other gene tree is incongruent, the combined analysis may either recover the true species phylogeny or be strongly misled, depending entirely on the number of characters sampled from each gene (a comparable situation involving long-branch attraction [Felsenstein, 1978] was simulated by Bull et al., 1993 ). Yet, this simple example may have limited relevance to phylogenetic problems encountered in the real world. Most systematists typically examine more than four taxa for a given phylogenetic analysis, and most of the recent molecular or combined-data studies sample many times this number. Empirical studies invoking different histories to explain incongruence of data sets (e.g., de Queiroz, 1993) have excluded many taxa (all but four) to highlight the area of con ict between trees from the separately analyzed genes. Given a realistic case involving a large number of taxa, a nite number of characters, and a con ict that involves only some of the taxa, combining data sets with different phylogenetic histories may not seem so irrational. Part of the combined tree may be misled by the incongruence between phylogenetic histories, but the overall accuracy of the combined-data estimate may be increased by the larger number of characters applied to parts of the tree unaffected by the mismatch. Furthermore, the relative accuracies of separate, combined, or consensus analyses may differ markedly depending on which part of the tree is being considered. Although these hypotheses make intuitive sense, they have not been tested explicitly.
The idea that different data sets may have different phylogenetic histories for only parts of their underlying trees suggests the need for methodologies that will take this problem into account. A few such methodologies were summarized by de Queiroz et al. (1995) . In this paper I will (1) propose a simple methodology for dealing with data sets that have different phylogenetic histories, (2) present simulations used to test some of the assumptions on which this method is based, (3) compare this methodology with others that have been proposed for dealing with con icting data sets in phylogenetic analysis, and (4) discuss the application of this methodology in an empirical study.
METHODOLOGY
The methodology proposed proceeds by the following steps:
1. Partition the total data available so as to re ect sets of characters that may have different phylogenetic histories (e.g., partition the data by unlinked genes but not by types of changes within genes). 2. Perform separate analyses of these data sets, and evaluate support for individual clades in each. 3. Combine and analyze the data sets and use the tree(s) from the combined data as the best estimate of phylogeny, but consider questionable those parts of the tree that are in strongly supported con ict between the separately analyzed data sets. The con icting parts could be considered weakly supported until a majority of data sets (i.e., other genes, morphology, etc.) favor one resolution of the con ict over another. The methodology outlined above should prevent combined analysis from being strongly misled by mismatches between the phylogenetic histories of two data sets, but also should simultaneously allow regions of shared history in the different data sets to be estimated using the maximum number of characters possible. This approach relies on the argument that clades that are strongly supported and in con ict between data sets may be indicative of differences in underlying phylogenetic histories, whereas weakly supported con icts may be simply the result of stochastic error de Queiroz, 1993) .
This approach also relies on methods that test for support for individual clades (e.g., bootstrapping ; Felsenstein, 1985) and may be misled under conditions where these methods are misled (e.g., Hillis and Bull, 1993) . However, the methodology is not tied to any particular test of clade support, and improved methods for evaluating individual clades could (in theory) be easily incorporated into this general framework. Similarly, this methodology may also be misled if two data sets have different histories but the character data are insuf cient to show strongly supported con ict. This situation would be problematic for most other approaches as well (e.g., those advocated by Kluge, 1989; Bull et al., 1993; de Queiroz, 1993) .
Tests of overall incongruence between data sets (e.g., Farris et al., 1994; Larson, 1994; may seem to be more useful than methods that test support for individual clades for detecting different histories. However, such global incongruence tests may be problematic in that they do not identify, among the clades that are in con ict between a pair of data sets, which are due to weak support and which may have potentially different histories; the whole tree is simply "signi cantly incongruent" or not. Furthermore, these tests may be insensitive to localized differences in the histories of two data sets if many other clades are available that are strongly supported and congruent. Although these tests may be useful for examining limited numbers of taxa or for comparing speci c parts of trees, testing entire trees for signi cant con ict may be an overly coarse approach. There is clearly a need for incongruence tests that will take these problems into account.
The method I propose here requires considering the strongly con icting clades to be questionable or weakly supported. This designation may seem overly vague to some; however, this is routine practice in phylogenetics-for example, when nodes have low bootstrap or decay index values. Alternatively, these clades could be represented as unresolved within the tree that is based on the combined data. In some cases, there may be reason to favor one of the two con icting data sets as being more likely to re ect the species tree, for example, when comparing a clade that is well-supported by many unlinked allozyme loci with one that is based on DNA sequences from a single gene (T. Titus, pers. comm.).
The method described may be useful as a general approach for dealing with localized, strongly supported con icts between data sets, and not simply those that occur because of different phylogenetic histories. For example, there may be areas of strongly supported incongruence between data sets related to long-branch attraction in one of the data sets (e.g., Huelsenbeck, 1997) or to nonindependence of characters (e.g., Shaffer et al., 1991) . If the speci c cause could be identi ed, these cases of incongruence might be resolved by applying a phylogenetic method that is less sensitive to longbranch attraction (i.e., maximum likelihood) or by deleting or downweighting characters suspected to be nonindependent. However, in many cases the source of incongruence may simply be unknown (e.g., Poe, 1996) , and the method proposed in this study may be of use.
JUSTIFICATION
The justi cation for the methodology proposed above is the idea that combining data sets with partially differing histories may improve phylogenetic accuracy in areas of the tree with the same history but may not improve accuracy in those areas of the phylogeny where the histories differ. In this section, I use computer simulations to address two questions:
1. How do separate, combined, and consensus analyses perform when dealing with two data sets with different phylogenetic histories? 2. When there is a localized area of mismatch between the histories underlying two data sets, what are the relative accuracies of separate, combined, and consensus analyses in different parts of the tree?
The simulations have a great advantage in that the true species phylogeny is known, and the ability of different methods to recover this known phylogeny under different (but simpli ed) conditions can be tested directly.
Simulation Methods
Phylogenies of 12 taxa were simulated with DNA sequence data from two genes (data sets). Two sets of simulations were performed.
Analysis I.-The rst set of simulations examined the effects of different phylogenetic histories between data sets in seven cases, using maximally asymmetric ( Fig. 1 ) and symmetric ( Fig. 2 ) unrooted topologies. Each case involved a different level of mismatch between the gene and species trees in one or both data sets: 
Case
I. No mismatch between the gene and species tree in either data set, with both data sets sharing the same phylogenetic history. Case II. Phylogeny of data set 1 consistent with species tree but with one difference in phylogenetic history among closely related species in data set 2 (placement of taxa B and C switched). Case III. Data set 1 consistent with species tree but with two differences among closely related species (in different parts of the tree) in data set 2 (taxa B and C switched and taxa K and J switched). Case IV. Both data sets having a localized mismatch between the gene and species tree (taxa B and C switched in data set 1 and taxa K and J switched in data set 2). Case V. Data set 1 consistent with species tree but with a lateral transfer event among distantly related species in data set 2 (sequence of species A transferred from the middle of its branch to the middle of the branch of species G). Case VI. Data set 1 consistent with species tree but with two lateral transfer events among distantly related species in data set 2 (as in case V, a sequence of species A transferred to species G, plus a sequence of species L transferred to species E). Case VII. Both data sets having a lateral transfer event among distantly related species (A transferred to G in data set 1 and L transferred to E in data set 2).
The speci c topologies of the gene trees were chosen to represent either minor or extensive mismatch between data sets. Maximally symmetric and asymmetric unrooted topologies were examined. The number of taxa (12) was chosen because it is large enough to be realistic with respect to real molecular phylogenetic studies, allows both large (cases V-VII) and small (cases II-IV) mismatches between the gene and species trees, allows mismatches to occur in different parts of the phylogeny, and is small enough to allow for effective tree searches.
Lineage sorting of ancestral polymorphisms (e.g., Avise et al., 1983; Tajima, 1983) has been implicated as a likely mechanism for mismatches between gene and species trees in closely related species, whereas mismatches among more distantly related species could be the result of lateral transfer events (e.g., through interspeci c hybridization; Smith et al., 1992; Kidwell, 1993) . Thus, cases II-IV are considered to represent cases of lineage sorting, whereas cases V-VII represent lateral transfer. For cases of lateral transfer, I assume that a gene is transferred from the midpoint of its branch to the midpoint of the branch of the taxon receiving the transferred gene.
VOL. 47 FIGURE 2. Different cases (I-VII) representing different levels of agreement between the phylogenetic histories of two data sets (genes), with a symmetric tree topology. Case I shows the true species phylogeny. The circled taxa and the square-surrounded taxa are as in Figure 1 .
The accuracy of separate, combined, and consensus analyses for these seven cases was examined for different numbers of characters and different branch lengths. The protocol for generating DNA sequence data generally followed Huelsenbeck and Hillis (1993) . First, a random string of nucleotides was generated as the starting point at the node uniting taxa A and B (Figs. 1, 2), with an equal probability of any of the four bases (A, C, G, T) being present at a given site. From this starting sequence, sequences evolved along each branch and were duplicated at speciation events to make up the tree of 12 taxa. For a given branch, the branch length was considered to be the probability of a given nucleotide position (character) having changed by the end of the branch. Once a position changed, a change to any of the other three bases was considered equally likely.
This assumption of equal probability of substitution among bases conforms to the Jukes-Cantor (1969) model of sequence evolution, an admittedly simple (but widely used) model. However, the goal of these simulations is to test the effects of general variables in phylogenetic inference (underlying tree topology, number of characters, level of homoplasy) rather than to test the ef ciency of parsimony with more complex substitution models. Furthermore, because these parameters are general, I assume that the overall results are applicable to other kinds of data as well (e.g., morphology, allozymes, restriction sites).
For most simulations, branch lengths were held constant among lineages and between data sets to better understand the effects of different branch lengths and concomitant levels of homoplasy. Given the simulation design, a branch length of 0.75 effectively randomizes the phylogenetic information present in a sequence (Huelsenbeck and Hillis, 1993) , whereas a branch length of 0 is associated with no change occurring in any character. For this study, neither of these extreme branch lengths was of interest, so I examined ve arbitrary lengths between these extremes (0.01, 0.15, 0.30, 0.45, and 0.60). These branch lengths were used to illustrate the effects of different levels of homoplasy.
The effects of unequal branch lengths were also examined in two limited sets of analyses. In one set of analyses (longunequal), a random number from 0.00-0.75 was chosen to determine the branch length of each lineage for each replicate; another set of analyses (short-unequal) used a much smaller range (0.00-0.15). The forces generating differences in branch lengths among lineages (e.g., time between splitting events, taxon sampling) were assumed to act equally across data sets; therefore, a branch length determined for taxon A in data set 1 was also used for taxon A in data set 2 (regardless of the position of taxon A).
For most simulations, the number of characters (nucleotide positions) for each data set was 50, 250, 500, or 1,000. The raw, simulated sequence data were used without screening, and characters could be parsimony-informative, uninformative, or invariant. To create simulated data sets, I used programs I had written in C.
For each set of conditions, 100 replicated sets of two genes each were created and analyzed. Four analyses were performed for each replicate: data set 1, data set 2, consensus, and combined data. The consensus or taxonomic congruence (Mickevich, 1978) analysis was based on a strict consensus tree of the separate estimates from the two data sets (the shortest tree or a strict consensus of the shortest trees); strict consensus was used following de Queiroz (1993) . The use of consensus trees from separately analyzed data sets as actual estimates of phylogeny is controversial, but has been advocated for cases when genes have potentially different histories (de Queiroz, 1993) . This study may represent the rst test of the accuracy of the consensus or taxonomic congruence approach.
Parsimony analyses were performed by using PAUP* version 4.0d52 (provided by D. L. Swofford). Data sets were analyzed using the heuristic search option, each search consisting of 20 random-addition sequences (starting trees) with TBR branch-swapping.
For a given set of conditions, the success of the combined, consensus, and each of the separate analyses was de ned as the proportion of correctly resolved clades of the known species phylogeny averaged across the 100 replicates. None of the methods was given credit for nodes that were unresolved because of multiple equally parsimonious trees. Bull et al. (1993) considered combined analysis to have failed to improve accuracy when one of the two separately analyzed simulated data sets gave a more accurate estimate than the estimate from the two data sets combined. Yet, to argue in such a case that separate analysis is more accurate requires the implicit assumption that the researcher consistently knows which of the separately analyzed data sets are accurate and which are inaccurate. This questionable assumption is also made in the present study although it may strongly bias the results against combined analysis.
Analysis II.-A limited set of simulations was used to examine the accuracy of separate, combined, and consensus analyses in different parts of trees when there is a localized mismatch between the gene and species trees in one of the two data sets. Symmetric and asymmetric tree topologies in case II (Figs. 1, 2) were examined at different branch lengths (0.01, 0.15, 0.30, 0.45, and 0.60) with 250 characters per data set. To test the accuracy of the methods in parts affected by the mismatch, the simulations and analyses from the rst set of simulations were rerun. Accuracy was assessed after pruning from the estimated trees all taxa except those taxa whose histories were known to differ between data sets (for symmetric trees, taxa A, B, C, and D; for asymmetric trees taxa, A, B, and C). One additional taxon, taxon L, was included as a "root" to the clades containing the mismatch (it would be impossible to assess the accuracy of a three-taxon unrooted tree). To test accuracy in the parts of the trees not affected by the mismatch, the analyses were again rerun and accuracy was assessed after pruning from the estimated trees those taxa whose histories were known to differ between data sets.
The simulation results are summarized graphically. A more complete listing of the results (mean accuracy for each method for each set of conditions) is available on the Systematic Biology Website (www.utexas.edu/depts/systbiol). A limited sample is presented in the Appendices.
Simulation Results
Analysis I.-The simulations testing the effects of different histories on the overall accuracy of separate, combined, and consensus analyses of data sets with equal branch lengths (Fig. 3) and unequal branch lengths (Fig. 4) suggest that, under some conditions, combining data sets with different phylogenetic histories can improve the accuracy of phylogenetic analysis. How is this possible? The combined approach may perform best when the mismatch between gene and species trees is relatively small (or occurs in both data sets) and/or when none of the separate analyses gives a highly accurate estimate of the gene tree (long or highly unequal branch lengths, low number of characters).
VOL. 47 FIGURE 3. Summary of conditions (black squares) where analysis of the combined data yields an estimate of species phylogeny that is equally accurate or more accurate than the consensus tree or the separate analyses of either of the two data sets. Branch lengths are equal between data sets. The number of characters (ch) in each data set is given above each block of squares. Cases I-VII represent different levels of mismatch between the phylogenetic histories of the genes (see Figs. 1 This indirectly supports the idea that the combined analysis may sacri ce accuracy in the part of the tree affected by the different histories but increases accuracy over the rest of the tree by increasing the number of characters. Conversely, one of the separately analyzed data sets will generally perform best when the mismatch between the underlying histories of the data sets is extensive, is con ned to one data set, and/or when the accuracy of each of the separate analyses is high (short or slightly unequal branch lengths, large numbers of characters).
Combined analysis failed to outperform separate analysis over a large proportion of the parameter space examined (Figs. 3,  4) . However, I have two important caveats about these results. First, I used the assumption that the more accurate of the two data sets was known without error. This assumption is extremely unrealistic and biases the results in favor of separate analysis. Because all the characters in the data sets with different phylogenetic histories may be fully (or equally) consistent with their underlying trees, there may be no a priori way to know which con icting data set is best in the real world. In many of the conditions simulated in this study in which the accuracy of the separate analysis is greater than that of the combined analysis, the combined analysis may provide an answer that is nearly as accurate as that of the best of the separate analyses but does not require knowing the better data set a priori.
The second caveat is that in many cases the separate analyses appear to be unrealistically ef cient. For example, given the simpli ed conditions simulated in this study, only 250 base pairs of DNA sequence are necessary to consistently recover a fully resolved and completely accurate tree for 12 taxa (at certain branch lengths). The fact that empirical phylogenetic analyses based on much longer sequences typically yield trees that are, at least in some areas, weakly supported, unresolved, or in con ict with trees from other data sets suggests that the simulations in this study may overestimate the ef ciency of parsimony analysis of DNA sequences relative to real data sets.
Many realistic factors not incorporated into these simulations would seem likely to decrease the ef ciency of parsimony analysis (and could allow a combined analysis to improve the estimate), including ambiguities of sequence alignment, missing data, nonindependence among sites, differences in rates of change among sites, different rates of substitution among bases at a single site, very short internodes, and larger numbers of taxa. The conditions in which combined analysis outperforms separate analysis may seem unusual in terms of the small numbers of characters and the long branch lengths. However, given that many empirical analyses of DNA sequence data seem unlikely to give consistently perfect estimates of the true phylogeny (i.e., trees are often incompletely resolved and weakly supported in parts), the levels of accuracy for some of these conditions may better re ect reality than those with more characters and shorter branch lengths.
Consensus analysis generally performed very poorly (Appendices 1-3). By de nition, the estimate from the consensus tree can be no better than the estimate from the worst of the separate analyses; in many cases, however, it is much worse. For many conditions, the accuracy of the consensus tree is less than half that of the combined tree (Appendices 1-3). These include conditions where branch lengths are relatively long, as well as cases where the analysis of one or both data sets is misled by lateral transfer among distantly related species (e.g., cases VI and VII). In these simulations, the consensus approach seems to suffer both from subsampling of characters and mismatches between gene and species trees. Although consensus analysis may be advantageous in making fewer wrong assertions about phylogeny than combined analysis (de Queiroz, 1993) , these results suggest that the consensus approach may pay a heavy price for its conservativeness in the loss of correct resolution.
Overall, the results of the rst set of simulations are ambiguous as to the most accurate method for dealing with data sets with different histories. Contrary to the assertions of some authors (e.g., Bull et al., 1993; de Queiroz, 1993) , combined analysis outperforms separate analysis on data sets with different histories under some simulated con-ditions. Under many other conditions, one of the separately analyzed data sets provides a more accurate estimate than the combined analysis.
Analysis II.-The second set of simulations tested the accuracy of the different phylogenetic approaches in different parts of the tree, given a localized mismatch between the histories of the data sets. The results (Appendix 4) show that in those parts of the trees that have different histories, the accuracy of the combined approach is always less than 50% and is typically less than half that of the best of the estimates from the separate analyses. In contrast, for those parts of the tree that share the same history, combining the data always improves the estimate (unless the accuracy of all methods is already 100%). The increase in accuracy caused by combining data is greatest when the separate data sets give imperfect estimates of the gene trees (Fig. 5) , which seems likely to be the case in many real data sets (see above). Although it is not surprising that combining data sets would improve accuracy when the data sets share the same history, still the different parts of the tree are not wholly independent, and the results suggest that (for the regions with congruent histories) the advantages of increasing the number of characters may outweigh any errors caused by the misleading data in the adjacent region of the tree. In summary, these results support the idea that combining data sets with localized areas of mismatches between their underlying histories may improve phylogenetic accuracy in areas of the tree with the same history but may not improve accuracy in those areas of the phylogeny where the histories differ. These observations provide support for the methodology proposed above, which uses the results of combined analysis in some areas of a phylogeny but not in others.
COMPARISON WITH OTHER METHODS
Four general recommendations can be found in the literature for dealing with data sets with different phylogenetic histories: (1) never combine (e.g., Miyamoto and Fitch, 1995) , (2) always combine (e.g., Kluge, 1989; Kluge and Wolf, 1993; Chippindale and Wiens, 1994) , (3) combine if the data are not statistically heterogeneous de Queiroz, 1993) , and (4) combine but explicitly accommodate the differ- ences in phylogenetic history (de Queiroz et al., 1995) . The methodology proposed in this paper is one of several that would fall under recommendation 4. In this section, I discuss some of the possible advantages and disadvantages of this methodology relative to others that have been proposed.
Given a situation in which there is a localized area of topological incongruence between two data sets (their phylogenetic histories differ over a limited area), the approaches of never combining and always combining may not be satisfactory. If the data sets are never combined, the results of this study suggest that accuracy may decline in those parts of the tree unaffected by the mismatch between the histories of the data sets because of subsampling of characters (Fig. 5) . If the tree or trees from the combined data are always used as the best estimate of the species phylogeny, then the combined analysis may be misled in those regions that have differing phylogenetic histories (Fig. 5) .
Whether two data sets with partially different histories would be considered combinable or not by a statistical test of heterogeneity is not clear (e.g., de Queiroz, 1993; Rodrigo et al., 1993; Farris et al., 1994; ; this would depend on the particulars of the data sets and the test. If the data are considered combinable, then the combined analysis may be misled in the con icting parts of the tree, and if they are not, accuracy may be reduced in those parts of the tree with the same history. Thus, no matter which test is applied or what the outcome of the test is, this approach will potentially suffer from disadvantages of either separate or combined analysis.
De Queiroz et al. (1995) summarized several methods that would allow combination of data sets while possibly accommodating differences in phylogenetic histories between data sets. This general approach seems very promising for the situation in which data sets have limited areas of disagreement in their phylogenetic histories. For a difference involving closely related taxa, one proposed solution is to excise the taxa responsible for the con ict (Rodrigo et al., 1993) . This method may be problematic, however, in that the position of these conicting taxa would not be represented in the larger tree. Thus, the method may fail to represent relationships that are not contested by the separate data sets. Further, this method does not allow the combined analysis to estimate the placement of the con icting clades within the larger tree.
For con icts spread widely over the tree, the "pairwise outlier excision" method (de Queiroz et al., 1995) involves scoring taxa of questionable placement as missing for the "minority" data set, given that three or more data sets are available for these taxa and that a con icting position for the taxa is supported in only one. Unfortunately, this method would not be helpful when only two data sets are in con ict but may offer a useful way to resolve con icts when more data sets become available. It should be pointed out that the methodology advocated in this study might be forced to leave the entire tree unresolved or weakly supported in the case of strongly supported con icts between two data sets that span the entire tree (conditions where combined analysis performs very poorly according to these simulations). The approach of Doyle (1992) , in which the gene trees are coded as individual characters in a combined analysis, might also be classied with this group of methods. However, given only two data sets, this method seems likely to yield results identical to those of a strict consensus tree of the separately analyzed data sets.
APPLICATION TO REAL DATA SETS: PHYLOGENETIC ANALYSIS OF SCELOPORUS LIZARDS
The methodology proposed in this paper was applied to molecular and morphological data sets for the lizard genus Sceloporus (Wiens and Reeder, 1997). Mitochondrial ribosomal DNA sequences of the 12S and 16S genes were used as one data set (because all genes in the mitochondrial genome are linked and should therefore share the same phylogenetic history), and the nonmolecular characters (mostly morphological) were combined into another. Each of the two data sets was analyzed separately, and support for individual clades within each data set was evaluated by nonparametric bootstrapping. One area of strongly supported con ict between the data sets was found, in a clade within the variabilis species group. The data were then combined, and the tree from the combined data was taken to be the best estimate of phylogeny. However, the con icting relationships within the variabilis group, which in the combined tree are resolved in favor of the larger molecular data set, were considered arbitrarily resolved.
The possibility that data sets may have partially incongruent histories, or at least localized areas of strongly supported conict, has been discussed repeatedly in this paper. The results from Sceloporus show that such situations do occur in the real world. This example also illustrates the potential problems of traditional methods of dealing with con icting data sets in this type of situation. Failing to combine these data sets gives poor resolution, even for areas of the trees where con icts are weakly supported and may be due only to stochastic error. The combined-data estimate is well-resolved but may be misled within the variabilis group (in which the linked molecular characters overwhelm several seemingly unlinked morphological characters). Applying a global test of combinability would lead to one of the two problematic results above, depending on the outcome of the test. Excising the con icting taxa would fail to represent relationships that both data sets agree on (e.g., placement of the con icting clade within the variabilis group, monophyly of the variabilis group). Applying the method proposed in this study leads to a well-resolved estimate based on the combined data but treats conservatively the clade that is in strongly supported conict. APPENDIX 2. Accuracy of separate, combined, and consensus analyses for two genes (data sets) with different phylogenetic histories, asymmetric and symmetric tree topologies, and 1,000 characters in each data set. Each value is the average accuracy from 100 replicated matrices. APPENDIX 4. Accuracy of separate, consensus, and combined analyses in different parts of a phylogeny where there is a localized mismatch between gene and species trees in one of two data sets (data set 2). For each tree shape, one column represents the part of the phylogeny directly affected by the mismatch, the other represents those parts that share the same phylogenetic history. There are 250 characters in each data set. Each value is the average accuracy from 100 replicated matrices. 
